Objective: We aimed to review the influence of host genetic factors on the clinical course, treatment response as well as fibrosis progression in patients with viral hepatitis C genotype 1. Materials and Methods: Ninety-five patients with chronic hepatitis C virus (HCV) infection and 97 controls were enrolled. The patients received pegylated interferon (Peg-IFN)+ribavirin therapy for 48 weeks and were followed up for the next 48 weeks. Aspartat aminotransferase/platelet ratio (APRI) was used to detect liver fibrosis DNA specimens were extracted from the peripheral blood mononuclear cells and the tumor necrosis factor-alpha (TNF-α) 308 rs3091256 was genotyped by the polymerase chain reactionrestriction fragment length polymorphism method. Results: All patients included in the study were infected with HCV genotype 1. of the 95 HCV-positive patients, spontaneous viral clearence was observed in 25.5%, rapid viral response in 44.2%, early viral response in 91.8%, and sustained viral response was found in 73.3% of patients. The allele and genotype were not significant between patients and controls. There was no significant difference in virologic response as well. However, TNF-α-308 single nucleotide polymorphisms (SNP) rs3091256 GG genotype was strongly associated with fibrosis and alanine aminotransferase (ALT) levels (p=0.006 and p=0.017, respectively). Conclusion: TNF-α-308 polymorphisms may reveal different results among countries. Patients having SNP rs3091256 GG are prone to have higher ALT levels and fibrosis score but have better treatment outcome.
Introduction
Hepatitis C virus (HCV) is a major etiologic factor for the development of chronic liver diseases (cirrhosis, hepatocellular carcinoma, etc.). Hepatocytes are the primary target cells supporting HCV replication. After HCV infection, the innate immune system begins to respond to the virus and after 4 to 8 weeks, the CD8 + T cells recognize viral peptides that bind to human leukocyte antigen class I molecules in virus-infected hepatocytes (1) .
This initiates signaling pathways leading to the synthesis of interferon (IFN), tumor necrosis factor (TNF) and a variety of other cytokines. In the acute phase of the infection, the virus is removed from the T-cell-mediated antiviral mechanisms. The rate of spontaneous viral clearance in acut HCV infection is aproximately 26% (range: 15-40%) (2, 3, 4, 5) . In patients who cannot clear the virus from hepatocytes in the first phase, HCV remains for years as long as it is not being treated. The effective treatment of chronic HCV infection (CHC) is based on a combination of pegylated-IFN (Peg-IFN) and ribavirin (RBV) (6) . IFN, especially IFN-λ3, interacts with its acceptor, a heterodimer (IFN-lambdaR1 x IL-10R2). In IFNbased treatments, sustained viral response (SVR) rate is 40% (2, 7) .
The most important parameter in the therapeutic success in HCV infection is based on the HCV genotype (e.g., genotype 1 is the most difficult to treat) (2) . In IFN-based treatments in the genotype 2, 3 and 5, the rate of SVR is 70-90% while in genotype 1 and 4, it is not more than 50% (1, 8) . HCV genotype 1 (91.8%) was the most common genotype in multicentre studie performed by Gürbüz et al. (9) in our country, while genotype 2 (4%) was detected in the second frequency.
Besides HCV genotype, serum alanine aminotransferase (ALT) level, histological grading and cytokine response of the host may affect HCV infection, viral clearance, and treatment (10, 11) . Among the cytokines, the most attention was devoted to TNF-alpha (TNF-α). Serum TNF-α level elevates in CHC patients (12) and SVR has been found to be associated with the baseline increased production of TNF-α (11) . A positive correlation has been found between serum TNF-α levels and hepatic necroinflammatory score as well (13) .
It was demonstrated that HCV can directly induce the expression of TNF-α in hepatocytes (14) . Induction of TNF-α by HCV is dependent on Toll-like receptor (TLR) 7 and TLR8. Form recognition receptors seen in many cell types that participate in the innate immune response associated with viral infections and viral antigens are called TLRs (15) . TNF binds to two receptors, TNFR1 and TNFR2; the first is structurally expressed in most cells, the second is inducible and has a more limited expression pattern (16) . Upon receptor binding, TNF-α signals through a variety of cytosolic proteins, including TRADD (TNFR1-associated death domain protein) (17) and TNF receptor-associated factor 2 (18), leading to I_B degradation and the subsequent release and nuclear translocation of nuclear factor (NF)-κB. Binding of NF-κB to gene promoters initiates transcription of numerous proinflammatory cytokines, including TNF-α, IL-6, IL-8, and CXCL-10 (19, 20) which suppress HCV replication.
The present study was designed to investigate the frequency of single-nucleotide polymorphism (SNP) of the TNF-308 locus in a population in Turkey, a region with a high prevalence of HCV infection. High prevalence of genotype 1b is more likely associated with fibrosing score, ALT level, spontaneous viral clearance and efficacy of treatment of HCV genotype 1.
Materials and Methods
A total of 95 anti-HCV-positive genotype 1b and 2 patients (70 HCV RNA+ chronic active hepatitis and 25 HCV RNA-negative and spontaneous clearance) and 97 healthy control subjects (57 female, 40 male) were included in the study. The Ethics Committee of Gaziosmanpaşa University approved the present study and all participants provided written informed consent for the study (Grant number: 11-BADK-111).
Genomic DNA was extracted from blood samples using an Invitrogen Genomic DNA Isolation Mini Kit K1820-02 (Invitrogen Life Technologies, Carlsbad, CA, USA). Polymerase chain reaction (PCR) was performed in a total volume of 25 µL, using 100 ng genomic DNA with 20 pmol each primers, 0.2 mM each dNTP , 1X buffer, 2 mM MgCl 2 and 1 U Taq DNA polymerase (Invitrogen Life Technologies, Carlsbad, CA, USA). Cycling was performed in a techne TC-4000 thermal cycler (Bibby Scientific Limited, Staffordshire, UK) as follows: amplification consisted of a 2-minute denaturation step at 96 °C; 35 cycles of one minute at 94 °C, one minute at 60 °C, one minute at 72 °C and final extension of 7 minutes at 72 °C followed by cooling to 4 °C.
Genotype analysis of TNF-α-308 (rs3091256) polymorphism was performed using restriction fragment length polymorphism. PCR products were digested with Nco1 restriction enzyme. The digested PCR products were resolved by electrophoresis on 2.5% agarose gels containing 0.5 µg/mL ethidium bromide. Restriction fragments were visualized with the use of a Vilber-Lourmat Gel Quantification and Documentation System QUANTUM-ST4 (Vilber Lourmat BP 66 Torcy, France). Aspartate aminotransferase/platelet ratio index (APRI) was used to determine liver fibrosis stage.
Statistical Analysis
Descriptive analyses were performed to provide information on general characteristics of the study population. Independent samples t-test was used to compare the continuous data between the groups. The continuous data were presented as mean ± standard deviation. Chi-square test was used to compare the categorical data between/among groups. Categorical variables were presented as a count and percentage. A p-value of less than 0.05 was considered statistically significant. Analyses were performed using SPSS 19 (IBM SPSS Statistics 19, SPSS Inc., IBM Co., Somers, NY).
Results
Ninety-five patients (62 female, 33 male) received Peg-IFN+RBV for 48 weeks and followed up for the next 48 weeks. APRI was used to determine liver fibrosis stage. There was no significant difference between the patient and the control groups in terms of age, gender and viral genotype. Clinical variables are given in Table  1 . There was no statistically significant difference between CHC patients and healthy controls in terms of TNF-α-308 (rs3091256) polymorphism genotype distribution (p=0.362, Table 2 ). On the other hand, ALT values were found to be higher in CHC patients with TNF-α-308 GG polymorphism compared to CHC patients with GA+AA polymorphism (p=0.017). Moreover, APRI score was found to be significantly higher in CHC patients with TNF-α-308 GG polymorphism compared to those with GA+AA polymorphism (p=0.006) ( Table 3) .
To evaluate the clinical applicability of the outlined SNP , we calculated the predictive odds ratios for the SNP between rapid virological response (RVR), early virological response (EVR) and SVR (Table 4) . There were 24 patients who had spontaneous viral clearance. RVR was seen in 27 patients. EVR in 56 patients and SVR was observed in 44 patients. All the genotypes or alleles predicted the positive response to treatment in the overall study population.
Discussion
HCV infection continues to be a major health problem worldwide. Viruses are the most common cause of diseases such as chronic hepatitis and liver cirrhosis. HCV is divided into seven major genotypes (21) . After infection with HCV, a large proportion of patients develop CHC, with a very few spontaneous clearance. (6) . There are viral and host factors that are important in the development of chronic infection. Baseline viral load, RVR and host characteristics (e.g. alcohol consumption, steatosis, liver fibrosis, metabolic syndrome, ethnicity, and host genetic polymorphisms, especially IL28B, are the examples that have impact on virological response of the host (2). The most common HCV genotype worldwide is genotype 1 (46% of all HCV cases), while genotype 3 is the second most common (30%). However, the distribution of these genotypes varies between countries (22) .
The first target for HCV is human hepatocytes. The immune system first activates the natural immune system. As a result, local IFN production begins and HCV genome replication and spreading in the liver parenchyma is disrupted (23) . The mechanism of effective clearance of HCV from the human body is likely related to both environmental and host genetic factors. For example, it has been observed that treatment success in patients of European ancestry is better than in patients of African ancestry (24) . In the current study, we performed an analysis to examine the association between the SNP in the promoter region of TNF-α-308 rs3091256 and fibrosis score, ALT level, spontaneous viral clearance and treatment response to HCV infection.
There are varying results from studies on TNF-α-308 gene polymorphism in the literature. Although some studies have reported a significant association between TNF polymorphism and response to hepatitis C treatment, some studies reported (24) from Taiwan suggested that TNF polymorphism at position-308 may be a predictor of treatment failure in patients treated with a combination of IFN-α and RBV and in another study from Brazil, the TNF-α-308 a allele was found to be a predictor of null virological response (25, 26) , but other investigations have failed to confirm such findings. An Egyptian study found that at the TNF-α 308 position, the G/G allele was most common (78.5%) in the study population compared to controls (27) . In this study, no significant difference was observed in the frequency of the TNFα-308 (rs3091256) polymorphism. Our results are consistent with those reported by Barrett et al. (28) who did not find the SNP at 308 to be associated with viral recovery or persistence. In studies conducted in different countries, there was no correlation between TNF gene polymorphisms and histological severity or response to antiviral treatment (29) . In a meta-analysis of studies performed at different centers, it has been shown that there is no significant association between TNF-α-308, -238 gene polymorphisms and susceptibility to infection among different HCV subgroups. (30) . Besides, the distributions of TNF-α-308, -238 A/G alleles were also not significantly different between the persistent infection group and the spontaneous clearance group. It is well known that certain diseases such as psoriasis and concomitant HCV infection are succesfully treated with anti-TNF therapy without signs of reactivation of HCV (31, 32) . Therefore, we conclude that TNF-α-308 (rs3091256) polymorphism may not really have any effect on treatment response. TNF-α may affect hepatic fibrogenesis by stimulating hepatic stellate cells (33) . After TNF-α activation, Kupffer cells secrete TGF-beta1, an important fibrogenic molecule. The relationship between cirrhosis development and TNF promoter has been investigated extensively (34, 35, 36, 37) . Although Romero-Gómez et al. (38) found no association between polymorphism in -308 and the severity of fibrosis in HCV and Abdel-Latif found (11) in both fibrotic and cirrhotic cases, no significant correlation was observed in levels of matrix metalloproteinases (MMP)-2, MMP-9, and TNF-α between fibrotic and cirrhotic cases (39) . TNF-α has been found higher in cirrhotic patients compared to CHC patients with no or mild fibrosis (40) . Consistent with these results, our study also confirmed the association between TNF-α-308 GG polymorphism and fibrosis score (p=0.006). This may be explained by higher constitutive and inducible transcriptional activity of TNF . Nevertheless, in a meta-analysis of 11 different studies, no association was found between TNF-α-308G> A polymorphism and liver cirrhosis risk in both Caucasians and Asian populations (41) .
No correlation has been shown between 308 promoter polymorphisms and necroinflammatory histological activity. Although one study compared ALT levels between SVR patients and non-responders and found no statistically significant difference (10) , the other found a statistically significant difference between healthy controls and those with cirrhosis and hepatocellular carcinoma (30) , these studies did not include TNF polymorphism. Abbas et al. (41) studied HCV genotype 3 and found no association between ALT level and TNF-α-308 polymorphism. Besides, only 5% of their patients had TNF-α-308 GG promoter. In our study, we found a statistically significant relationship between TNFa-308 GG polymorphism and high ALT levels in HCV genotype 1 patients (p=0.017) and although not statistically significant, 73.3% of our study population had SVR. In a study from Turkey, liver infiltrating lymphomononuclear cells were stimulated with TNF-α and histology activity index and HCV genotype revealed a negative correlation between TNF-α levels and elevated ALT levels in patients infected with 1b (42) .
After circulating HCV particles reach the basolateral surfaces of hepatocytes, where the virus first binds to several receptors, the virus attaches to hepatocytes, it fuses the membrane and enters the cytosol and starts to replicate (43) . Liver damage from HCV depends on both host's immune system-mediated reactions and viral cytopathic effects (44) . The CD95 frequency was significantly higher in HCV antigen-positive hepatocytes compared to uninfected cells (45) . TNF might play a role in hepatic necrosis and inflammation. Serum ALT level correlates with liver damage and we here propose that elevated ALT levels is the hallmark of hepatocyte injury eventully leading to fibrosis as well as elimination of virus in CHC (the more inflammation, the more viral eradication) (46) .
Study Limitations
The study was conducted before the start of the use of new treatments.
Conclusion
In conclusion, this is the first article in which ALT level and liver fibrosis are associated with TNF-α-308 GG polymorphism treated with IFN. The discrepancies in TNF genetic polymorphism and treatment responses among studies may be due to differences between ethnic groups.
